This report presents sedimentologic data from three 2002 sampling campaigns conducted in Englebright Lake on the Yuba River in northern California. This work was done to assess the properties of the material deposited in the reservoir between completion of Englebright Dam in 1940 and 2002, as part of the Upper Yuba River Studies Program. Included are the results of grain-size-distribution and loss-on-ignition analyses for 561 samples, as well as an error analysis based on replicate pairs of subsamples.
INTRODUCTION
Beginning in 2001, the California Bay-Delta Authority (CBDA, formerly the California-Federal Bay-Delta Program or CALFED) has sponsored the Upper Yuba River Studies Program (UYRSP, http://www.nasites.com/pam/yuba/), an investigation of the feasibility of introducing anadromous fish species to the Yuba River system upstream of Englebright Dam (Figure 1 ). The UYRSP has six scopes of work: sediment, water quality, habitat, flood risk, water supply and hydropower, and economics. To achieve the UYRSP objective of fish passage, some of the future management scenarios under consideration include lowering or removing the dam. Any reduction in size of the dam would result in some change in the sediment regime of the lower Yuba River, and could cause the release of material presently stored in the reservoir. This potential increased sediment load could exacerbate existing physical and chemical hazards in the lower Yuba River area. Sediment deposition could raise riverbed elevations and therefore increase flood risk in the valley around Marysville (Figure 1 ). Because much of the stored material is likely derived from historical gold mining areas in the Yuba River watershed (James, 2004) , it may contain high concentrations of mercury (Hg) that was lost during gold mining and recovery operations (Alpers and Hunerlach, 2000) . The release of Hg-rich sediment from the reservoir could increase the amount of Hg available for bioaccumulation in downstream areas. The ability to make accurate predictions of the fate and transport of the material stored in Englebright Lake is critical to assessing the feasibility of various future dam-After the initial logging and descriptions phase was completed for most of the core sections, the core depth estimates were refined, and then resulting stratigraphy for each hole was graphed and plotted (Snyder and others, 2004) . This descriptive stratigraphy formed the basis for subsampling the cores in a manner that sought to retrieve as continuous a set of material as possible. At each location, the material comprising a composite borehole section was termed the "Y" series of subsamples (for example, the series collected at site 1 from boreholes 1A, 1B, 1C, and 1D was 1Y; Table 4 ). Each subsample was mixed thoroughly by stirring and was split into several subsamples for analyses of grain-size distribution, loss-on-ignition (LOI), and trace metals including total mercury concentration. Another set of subsamples (the "X" series) was collected for 137 Cs and 210 Pb geochronological analyses along the same intervals, but with greater frequency in some instances. Subsamples from the X-series were also used for LOI analyses at sites 4 and 7 (Figure 2 ; Table 4 ). The first step in the subsampling for each coring location was to identify a "master" hole that included the most complete recovery, to be used for subsampling as much as possible to minimize the uncertainty created by correlations. Each subsample included about 10-100 cm of material, with the length determined by the stratigraphy. The first subsample collected from each coring location was the material interpreted to be the uppermost recovered, as estimated by the properties of the material (fine grained, poorly consolidated, high water content) and the core depths. The subsampling then continued in the same core whenever possible, shifting to adjacent holes at the gaps between cores when necessary. These shifts were based upon direct, visual correlations of the stratigraphy wherever possible, and were made using the core-depth-interval estimates when the visual correlations could not be made with confidence. Rarely, short gaps in the series of subsamples were unavoidable due to incomplete recovery of a specific stratigraphic unit from all of the parallel holes. At the base of each coring location an effort was made to include the lowermost material recovered, generally based on the core-depth estimates. After subsampling was completed for each coring location, the depth interval for each subsample was computed based on the "master" hole that contained the majority of the material.
Subsamples were also taken from various intervals in the deep cores for other geochemical analyses, including methyl-Hg and total Hg concentration (MEM ; Table 5 ), and Hg methylation-demethylation potential (MDP; Table 6 ). Each of these subsamples was split and analyzed for grain-size distribution (Tables 5 and 6) , and the MEM subsamples were also analyzed for loss on ignition, a proxy for organic content (LOI; Table 5 ). The results of the mercury and other geochemical analyses will be presented elsewhere.
Shallow coring campaign (October 2002; Tables 7-8)
The purpose of the shallow coring project was to sample in detail the most recently deposited sediment in the reservoir. During the campaign, 29 box cores (Table 7) and 21 gravity cores (Table 8) were taken at 11 locations throughout the reservoir ( Figure 2 ; Table 2 ). The top ~12 cm of the box cores (representing the youngest material in the reservoir) were subsampled immediately after coring for grain-size distribution and organic-content analysis (presented herein), and geochemical analyses (including Hg and methyl-Hg, trace elements, and 7 Be to be presented elsewhere). A series of box and gravity cores were taken along transverse sections on the lake floor at 3 locations (Figures 2 and 3, Table 2 ). These provided a means of testing the degree of lateral variability in sediment grain-size and geochemical properties. The gravity cores from these three transects (sites 10-12) were subsampled for grain-size and organic-content analysis. Depending on the stratigraphy recovered, up to two subsamples were taken from some of the site 10 and 12 gravity cores, with a top sample (1) of surficial fine-grained sediment and a bottom sample (2) of underlying sand. Additional information is available at http://walrus.wr.usgs.gov/infobank/h/h102nc/html/h-1-02-nc.meta.html.
A table comparing ø to mm and other measurements of sieve sizes is available as Figure 9 in Poppe and others (2000) .
Results
Tables 3-8 present the results of the grain-size and loss-on-ignition analyses. Taken as a whole, all of the sample series show the downstream-fining trend of the reservoir deposit (Snyder and Hampton, 2003) . For the surficial grab samples (Table 3) , the median grain size ranges from 0.006 mm (subsamples grab26top, grab31fluff, and grab31top) to 2.1 mm (subsample grab15int-2of2). For the box cores (Table 7) , the median grain size ranges from 0.006 mm (subsamples GS 231 and 232, the top 0-1 cm and 1-2 cm from core 11F-B) to 0.08 mm (subsample GS 248, the basal 4-5.5 cm of core 12C-B). In the gravity cores (Table 8 ), the range of median grain size is 0.007 mm (11A-1G-1) to 0.7 mm (12D-1G-2). Figures 4-10 show the series of 7 vertical sediment sections from the deep coring, in order from downstream to upstream. In the upstream part of the reservoir (sections 8Y, 9Y, 7Y, and 4Y), the sediment sections generally coarsen upward, with median grain size ranging from 0.01 mm (subsamples 7Y-62, 7Y-63, and 7Y-67) to >2 mm in two 9Y and six 8Y subsamples. In the downstream part of the reservoir (sections 6Y and 1Y) the sediment is dominantly silt, and median grain size ranges from 0.006 mm (subsample 1Y-17) to 0.04 mm (subsample 6Y-7). Recovery of sediment was limited to the top ~1.5 m in the farthest upstream part of the reservoir (Snyder and others, 2004) , so section 2Y does not represent a full vertical section of the reservoir deposit.
Uncertainty analysis
The reproducibility of the 561 grain-size analyses was evaluated using 54 replicate subsamples (Tables 1, 9 ). Of these, 45 were laboratory replicates split at the beginning of the analysis and 9 were core replicates initially subsampled as identical pairs. The measurement of uncertainty is focused on the replicate analyses of six size parameters: percent gravel, sand, silt, and clay, median (D 50 ), and mean. For the percentage statistics, the absolute value of the difference between the two replicates (|R1-R2|) is evaluated. For the median and mean grain size, the absolute value of the difference between the two replicates in ø units is evaluated, along with the relative percent difference (RPD) of the grain size in mm. The RPD is defined as the absolute value of the difference over the mean of the two replicates. Overall, the 54 replicate pairs yield an average difference from 9.13 (% gravel) to 0.74 (% clay; Table 9 ). The higher variability in the gravel fraction is expected because individual grains can make up such a large part of the total weight of the subsample. For example, one 10-mm-diameter spherical quartz clast weighs 1.4 g, or ~5-10% of a typical sample. The median grain size has a mean difference of 0.19 ø, which corresponds to an RPD of 12.9%; the comparables values for the mean grain size are 0.20 ø and 13.8%, respectively. Because of the relatively large uncertainty associated with gravel-bearing samples, a subset of the samples without gravel was also considered. The gravel-free samples show a lower mean difference with regard to the median (0.10 ø or 7.0%) and the mean (0.15 ø or 10.2%).
Careful analysis of replicate grain-size histograms indicates that a similar (but less severe) problem to the one for gravelly samples exists for sand (Figure 11) . A single 1-mm-diameter sand grain weighs 0.0014 g, or approximately 0.1-1% of the typical weight of material run through the Beckman-Coulter LS instrument. This is particularly a problem for samples containing a wide range of grain sizes because finer grain sizes have greater cross-sectional area and therefore cause greater obscuration than sand grains, so a smaller total weight of sample must be run through the instrument or else the suspension will become too opaque. Three factors may contribute to a lack of reproducibility at the coarse tail of the sandy part of the sample. The first issue is the uncertainty created by splitting the sample in half, because both halves must contain the same distribution of particle sizes. Second, often in silty samples the coarsest particles are flakes of mica, which are common in Yuba River sediment. These flat particles settle more slowly than ordinary sand grains, so they often behave in fluvial transport more like silt. The Beckman-Coulter instrument measures crosssectional area, and the analysis assumes roughly spherical particles. Micas clearly violate this assumption, so these particles will contribute to uncertainty when then make up a significant portion of a given size class, generally at the coarse end. Third, and likely most importantly, a key source of uncertainty in the analysis is obtaining a representative sample to be placed in the instrument. Through trial-and-error and repeated testing, a methodology was developed to do this by suspending the sample uniformly in a reversing mechanical stirring device and removing a depth-integrated sample with a pipette. However, as Figure 11 suggests, occasionally a representative number of the coarsest grains of a given sample may not be obtained. Assuming the problem is not with the initial splitting of the sample, the solution to this problem (and that of the mica flakes) would be to separate the fines (<0.063 mm) from the 0.063-1 mm part of the sand fraction by wet sieve, and to run these two splits through the instrument separately. This would solve mixed-grainsize obscuration problems, but introduces additional steps and associated opportunities for introducing variability and error. The small decrease in precision associated with keeping the <1 mm sediment together was deemed acceptable because of the increased efficiency in processing the large number of samples required of this study.
The population of core replicates (N=9) is not large enough to compare uncertainty quantitatively with the laboratory replicates ( Table 9 ). The limited data show somewhat higher error in the core replicate set of subsample pairs, but this may be simply a function of the smaller sample size. Critical evaluation of replicate splitting techniques would require a larger dataset of both replicate types.
The USGS Coastal and Marine Sedimentology Laboratory that operates the Beckman-Coulter LS 100Q instrument used for these grain-size analyses participates in the inter-laboratory Laser Diffraction Proficiency Testing Scheme (LDPTS, http://www.ptscheme.com/introduction.cfm). The laboratory has always tested within the acceptable range of reproducibility. The instrument uses the Fraunhofer optical model, which is appropriate for the heterogeneous samples associated with geologic materials (Agrawal and others, 1991) . However, for sizes below a few µm the particles do not diffract light in the manner required for valid application of Fraunhofer diffraction theory because their diameter approaches that of the wavelength of light (Agrawal and others, 1991) . Therefore the distribution of finest part of our analyses is likely to be less accurate than that obtained using either a different optical model or other grain-size analysis techniques.
LOSS-ON-IGNITION ANALYSIS
Organic content in lacustrine sediment is typically quantified via loss-on-ignition (LOI) analysis. LOI measures mass loss after incineration. Another technique, carbon coulometry, measures total inorganic carbon (TIC, carbonate) and total carbon (TC) also as a function of mass change. The difference between TC and TIC is the total mass of carbon contained in the organic portion of a sample (total organic carbon, TOC). Coulometry is more analytically precise, and is typically is done on small (~30 mg) samples of ground, representative material. In Englebright Lake, much of the organic material found in the cores was dominantly macroscopic pieces of terrestrially derived leaves and wood. This type of material is difficult to grind down to a constant grain size, and therefore the small, representative sample sizes required for precise coulometry are difficult to attain. Moreover, the main purpose of this study is to know the percentage by mass of the reservoir material that is organic material (that is not inorganic sediment), which is most closely approximated by LOI. For comparison with other systems, the LOI results are compared to coulometry for a selected set of 10 subsamples.
Laboratory methods
The LOI analyses were straightforward. A 2-5 cm 3 sample of sediment was dried in pre-weighted ceramic crucible at approximately 100°C overnight, allowed to cool in a desiccator, and weighed. Next, the samples were heated to 500°C in a Sybron Thermolyne model #F-A1638 muffle furnace for 4 hours, and allowed to cool overnight in the furnace. The next morning, the samples were placed in a dessicator, cooled to room temperature, and weighed again. The percent change in mass from the initial drying to the final combustion is the LOI value. To increase sample size, samples collected for 137 Cs and 210 Pb geochronologic analysis (the X-series) were sometimes used instead of the Y-series samples. The LOI data reported here for the 7Y series of samples was produced by the USGS geochronology laboratory in St. Petersburg, Florida by processing the 7X series of subsamples, which shared the same depth intervals as the 7Y series. The data for the 4Y series reported here was obtained by processing the 4X series in the sediment laboratory in Menlo Park. The 4X series was subsampled over the same depth intervals as 4Y, but occasionally 2-3 samples of the 4X series make up one 4Y interval. In these cases, a depth-weighted average is reported for the 4Y data on Table 4 . 
Results

LOI
Uncertainty Analysis
Ninety-four core and laboratory replicate pairs of LOI subsamples were processed, including all 56 4X subsamples (Table 10) . As with the grain-size percentage statistics, the uncertainty analysis for LOI is focused on the absolute value of the difference between the replicate pairs. The mean difference for the 94 pairs is 0.72%. The 69 X-and Y-series replicate pairs have a mean value of 5.82% and a mean difference of 0.45%. The 16 methyl-Hg and total Hg (MEM) sample pairs have a higher mean value (7.91%) and correspondingly higher mean difference (1.85%).
Comparison to coulometry
Samples 4X-1 through 4X-10 were processed for total inorganic carbon (TIC) and total carbon (TC) analysis with a UIC Coulometrics CM5012 CO2 coulometer with a CM5120 Furnace Apparatus and CM5130 Acidification Module, respectively, using standard laboratory procedures (http://walrus.wr.usgs.gov/infobank/programs/html/facilities/mp/15.3/m3005.html). For each sample two laboratory replicates were processed for TIC and TC analysis, as well as the pair of LOI analysis. The average dry weight of each replicate subsample for the coulometry analysis was 0.031 g, compared to 4.0 g for LOI. Table 11 shows the average results of the 10 replicate pairs. The overall average value of LOI is 8.51% (±0.72%), average TIC is 0.030% (±0.012%), and average TC is 3.644% (±0.118%). The difference between TC and TIC is total organic carbon, which had a mean value of 3.614% (±0.123%). The greater precision of coulometry relative to LOI is apparent. Values of the ratio of TOC to LOI range from 18% to 56% and average about 35%, indicating that, by mass, only this fraction of the organic material is carbon. TIC values are uniformly low, only 1.9% of the total carbon.
SUMMARY
Results from 561 grain-size analyses of sediment sampled during 3 different campaigns on Englebright Lake in 2002 are presented, along with loss-on-ignition data for a subset of these samples. Error analysis on 54 grain-size replicate pairs shows a mean difference in median grain size of 0.19 ø and a relative percent difference (RPD) of 12.9%. A subset of 41 replicate pairs that do not contain gravel has a mean difference in median grain size of 0.10 ø and RPD of 7.0%. A set of 94 loss-on-ignition replicate pairs shows a mean difference of 0.72%. Explanation for Table 3 . Sample ID, Unique identifier of the sample. Suffixes: int, vertically integrated sample of the entire grab; top, bot, mid, sections of the grab separated depending on stratigraphy; fluff, uppermost fine sediment; 1of2/2of2 field-sampled replicate pairs ("core replicates"). % gravel, Weight percent coarser than 2 mm. % sand, Weight percent in the 0.0625-2 mm size class. % silt, Weight percent in the 3.9-62.5 µm size class. % clay, Weight percent finer than 3.9 µm. D 50 (mm), Median grain size. mean (mm), Mean grain size (1 st moment). s.d. (mm), Grain size standard deviation (square root of the 2 nd moment). skew., Grain size skewness (3 rd moment). kurt., Grain size kurtosis (4 th moment). Explanation for Table 4 . lab ID, Laboratory identifier. An "A" at the end denotes an extra subsample from an interval that overlaps with the main series of subsamples. An "R" refers to a replicate subsample. core ID, Unique interval within a core section. Example: "1A-1H-1, 4-93 cm" is from borehole 1A, core 1H, section 1, interval 4-93 cm (measured from the top of the core liner). top (mbls), Top of the cored interval in meters below lake surface (mbls), defined as the dam spillway elevation (160.60 m). The lake floor elevation is approximately the top of the first sample in each series. bottom (mbls), Bottom of the cored interval in meters below lake surface (mbls), defined as the dam spillway elevation (160.60 m). LOI, Weight percent loss on ignition. r w (g/cm 3 ), Mean wet bulk density for the subsampled interval, from multisensor logger data (Snyder and others, 2004). na, no data available. See Table 3 for additional explanation of column headings. See Tables 3 and 4 for explanation of column headings. See Tables 3 and 4 for explanation of column headings. Explanation for Table 8 . mblf, meters below lake floor, lake-floor datum defined as the sediment-water interface preserved in the core liner. See Tables 3 and 4 for additional explanation of column headings. Explanation for Table 9 . lab ID, see Tables 3-8 for corresponding core ID and grain-size data. |R1-R2|, absolute value of the difference between two replicate subsamples. RPD, relative percent difference, defined as the absolute value of the difference between two replicate subsamples divided by the mean of the two subsamples, calculated on grain size in mm. n, number of replicate pairs in each sample category. Table 4 for data and further explanations. Table 4 for data and further explanations. Table 4 for data and further explanations. Table 4 for data and further explanations. Table 4 for data and further explanations. 
